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Abstract This paper presents a life-cycle greenhouse gas (GHG) assessment of various 
chestnut production systems in northern Portugal. Life-cycle models and inventories were 
implemented for three chestnut cultivation systems and two processing lines (fresh and 
frozen chestnut). The overall GHG intensity ranged between 0.4-2.7 (fresh) and 0.6-2.9 
(frozen) kg CO2eq kg
-1
harvested chestnut. The cultivation contribution to the overall GHG 
intensity varied considerably (from 0.36 to 2.69 kg CO2eq kg
-1
harvested chestnut) mainly due to 
different yields and input requirements (diesel and fertilizers) among the three chestnut 
cultivation systems analysed. The GHG emissions associated with chestnut processing 
ranged between 0.05 (for fresh chestnut, mostly from propane consumption) and 0.23 kg 
CO2eq kg
-1 
harvested chestnut (for frozen chestnut, mainly due to electricity consumption). The 
results demonstrate the importance of cultivation management practices, in particular an 
efficient use of fertilizers in order to minimize the GHG intensity of Portuguese chestnut.  
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1. INTRODUCTION 
The Life-Cycle Assessment (LCA) methodology has been applied to multiple Portuguese 
agricultural products such as apples [1], wine [2], olive oil [3] and tomatoes [4]. However, so 
far there are no published LCA articles about chestnuts. Portugal was the third largest 
producer of chestnut in Europe and the eighth worldwide in 2012, with an annual production 
of 19 thousand tons [5]. About 80% of chestnut was produced in the north of the country [6]. 
This paper presents a life-cycle GHG assessment of various chestnut production systems in 
northern Portugal including three chestnut cultivation systems and two processing lines (fresh 
and frozen chestnut). 
2. LIFE-CYCLE MODEL AND INVENTORY 
Life-cycle models and inventories were developed for three cultivation systems in northern 
Portugal: P1 (92 ha), P2 (7 ha) and P3 (10 ha). A processing factory with two distinct 
production lines (fresh and frozen chestnut) was analysed. The functional unit (FU) chosen 
for this study was 1 kg of harvested chestnut. Figure 1 presents the chestnut production 
system.  
 
Figure 1 – Chestnut production system. 
The chestnut tree was in full production for all producers (except for 80% of P3 orchard area, 
which had relatively new trees and consequently a low productivity). The main agricultural 
processes were soil management, fertilization, pruning, pesticide treatments and harvesting. 
Table 1 presents the main inputs of the chestnut orchards. Emissions from fertilization (direct 
and indirect N2O emissions and CO2 from liming [7]), combustion of petrol and diesel in 
agricultural operations [8], agricultural inputs production [9] and chestnut transportation to 
the factory [10], were calculated. Chestnuts were transported to a factory, where they were 
processed for fresh and frozen consumption. This factory processed nearly 7 thousand tons of 
harvested chestnut in the 2010/2011 campaign. Processing starts by reception and calibration, 
where chestnuts were separated by size: the smallest (<30 mm) for freezing and the biggest 
(>30 mm) for fresh consumption. Frozen chestnuts were first peeled and their inner skin was 
removed (using steam and mechanical processes), then sorted and manually scanned, frozen, 
packed and finally shipped. Fresh chestnut production started with thermal sterilization 
followed by packaging and shipping. According to production data collected, one kg of 
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harvested chestnut was required to produce 0.5 kg of frozen chestnut (kernel). Losses were 
associated with chestnut selection (35%), peeling (11%) and water loss (4%). One kg of 
harvested chestnut was required to produce 0.8 kg of fresh chestnut, (lower losses than for the 
frozen line, as there is no peeling or water loss). Energy inputs for frozen and fresh chestnut 
processing are shown in Table 2. Propane was used in kilns (43%) and steam generators 
(57%). Emissions arising from the production and combustion of propane [8, 11], as well as 
the generation of electricity [12] were taken into account. Chestnut packaging materials were 
not addressed (the quantities involved are relatively low and it was not expected this would be 
relevant). 
Table 1 – Main inputs of chestnut cultivation, per hectare. 
Producer 
P1 P2 P3 
Unit 
2011 2010 2011 2012 2010 2011 
Inputs        
Fertilizers: 
N   
N organic  
P  
P organic  
K  
K organic  
CaCO3  
 
9.00 
9.76 
38.57 
2.97 
18.00 
7.64 
348.57 
 
 
 
15.00 
- 
31.74 
- 
30.00 
- 
- 
 
 
 
19.80 
0.03 
29.70 
0.03 
29.70 
0.03 
520.00 
 
kg 
kg 
kg 
kg 
kg 
kg 
kg 
Pesticides1): 
Copper oxychloride 
Fosetyl-aluminium 
 
12.50 
- 
 
 
 
- 
- 
 
 
 
4.95 
7.43 
 
kg 
kg 
Energy: 
Diesel 
Petrol  
 
101.09* 
1.63 
 
 
 
42.86 
- 
 
 
 
71.29 
- 
 
L 
L 
Transport: 
*Included in total 
diesel 
20.00 
(lorry) 
2.00 
(tractor and trailer) 
km 
Outputs        
Chestnut 881.30 1214.29 785.71 1142.86 227.72 396.04 kg 
1) The amount of pesticides is shown as a function of its active ingredient. 
Table 2 – Main inputs of chestnut processing. 
Inputs 
Production line 
Unit / kg harvested chestnut 
Fresh chestnut  Frozen chestnut  
Electricity 0.05 0.49 kWh 
Propane 19.02 25.83 g 
1) The chestnut residues (inner and outer skin), are fed to the boiler. Emissions from this process were not accounted for.  
3. RESULTS AND DISCUSSION 
Figure 2 shows the GHG emissions of cultivation (yearly weighted averages, according to 
chestnut production), including a contribution analysis of the GHG type. The producer with 
highest GHG emissions was P3 (mainly because only 20% of its area was in full production, 
resulting in the lowest yields analyzed). The most important contribution to cultivation GHG 
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emissions derived from the production and application of fertilizers (45-62%) for the three 
producers. Emissions from diesel requirements were most relevant for P1 (39%). CO2 was the 
most relevant GHG substance (66-81%), followed by N2O (17-31%) and CH4 (less than 3%). 
The main cause of CO2 emissions from P1 and P2 was diesel production and operation (46% 
and 53%), whereas for P3 liming was most relevant (35%). GHG emissions from cultivation 
ranged between 0.36 (P2) and 2.69 kg CO2eq kg
-1
harvested chestnut (P3).  
 
Figure 2 - [A] GHG emissions from chestnut cultivation. [B] Contribution of GHG type to cultivation emissions. 
* Only 20% of P3 area was in full production. 
Figure 3 presents the results for fresh chestnut processing. Total GHG emissions were 0.05 kg 
CO2eq kg
-1
harvested chestnut, with the most significant contributions coming from propane 
production and combustion (61%).  
 
Figure 3 – GHG emissions of fresh chestnut processing.  
Figure 4 shows the results for frozen chestnut processing. GHG emissions were 0.23 kg 
CO2eq kg
-1
harvested chestnut, with electricity being responsible for the highest share of GHG 
emissions (83%). 
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Figure 4 – GHG emissions of frozen chestnut processing. 
4. CONCLUSIONS 
This paper assessed the GHG intensity of Portuguese frozen and fresh chestnut. The GHG 
intensity varied due to the diversity of farming systems and processing type. The overall GHG 
intensity ranged between 0.4-2.7 (fresh) and 0.6-2.9 (frozen) kg CO2eq kg
-1
harvested chestnut. It 
was concluded that cultivation emissions were mainly due to fertilizer production and 
application (45-62%). Total GHG emissions from cultivation ranged between 0.36-2.69 kg 
CO2eq kg
-1
harvested chestnut. Regarding the processing stage, emissions from chestnut processing 
ranged between 0.05 (fresh) and 0.23 (frozen) kg CO2eq kg
-1
harvested chestnut. The most 
significant GHG emissions for the fresh line came from propane (61%); however, for the 
frozen line, electricity was most significant (83%). The results of this study demonstrate the 
importance of resource management practices at the cultivation stage, namely an efficient use 
of fertilizers and fossil fuels.  
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